OBJECTIVES: The primary objective was to determine the prevalence of confirmed chronic obstructive pulmonary disease (COPD) in patients aged 45 years or more who were admitted to the internal medicine ward of our tertiary care hospital (HFR Fribourg, Switzerland), and were either "tagged" as having COPD or at risk for COPD. The secondary objective was to determine the prevalence of the association of COPD with peripheral artery disease (PAD) in this population.
Introduction
Chronic obstructive pulmonary disease (COPD) is a major public health problem in our society [1] , with a prevalence estimate of 2 to 15% in the Swiss population, depending on age and sex [2] . Its development depends on individual susceptibility and on exposure to well-known risk factors, which are essentially tobacco smoke and other irritant inhaled substances such as smoke produced by combustion of biomass fuel, biological dusts and several gases used in industrial work [3] . Recent data also suggest that outdoor air pollution defined by its density in certain types of particulate matter could play a role [4] . The diagnosis of COPD requires spirometry testing that shows an obstructive lung disease, defined as a forced expiratory volume in 1 second / forced vital capacity ratio (FEV1/FVC) below the lower limit of normal or below the fifth percentile of a large healthy reference group, that is not completely reversible after administration of a bronchodilator [5, 6] . Nonetheless, we notice in our daily practice of internal medicine that many patients identified in their medical records as having COPD ("tagged" as COPD) have never performed any pulmonary function test and carry a diagnosis based only on a probabilistic approach integrating the presence of well-matched symptoms and risk factors [7] . Conversely, many patients presenting with characteristic risk factors and symptoms have never been investigated. Thus, the real prevalence of COPD in our institution is unknown. Besides, many authors support the hypothesis that chronic inflammation of the lower respiratory tract present in COPD can, if strong enough, spill over and become systemic. This is evidenced by the increased level of plasmatic markers of inflammation (leucocytes, C-reactive protein [CRP] , fibrinogen, interleukins-1β, -6 and -8, and tumour necrosis factor-alpha [TNF-α]) found in patients affected by this disease, as well as various subsequent clinical manifestations such as nutritional deficiencies, osteoporosis, skeletal muscles dysfunction and increased risk of cardiovascular diseases and type 2 diabetes [8] [9] [10] . Considering these facts, and the common risk factors they share (smoking, advanced age, and outdoor air pollution [11, 12] ), it is not surprising to observe an association between COPD and cardiovascular diseases such as heart failure, hypertension and atherosclerosis, particularly of the coronary arteries. Lower limb peripheral arterial disease (PAD) is a common manifestation of atherosclerosis. Not only is it associated with great morbidity itself, but it also constitutes a powerful prospective marker of cardiovascular morbidity and mortality [13, 14] . It is now well established that PAD is not only the result of a pathological accumulation of cholesterol and thrombotic debris in arterial walls, but is above all an inflammatory disease [15] . Thus, there are numerous reasons to believe that COPD is not only associated with PAD but might also be an independent risk factor, but this remains to be demonstrated in a large prospective study. To our knowledge, this association has not been well studied. The primary objective of this study was to determine the prevalence of confirmed COPD in patients aged 45 years or more, who were admitted in the internal medicine ward of our tertiary care hospital, and who were either tagged as having COPD or at risk for COPD. The secondary objective was to determine the prevalence of COPD-PAD association in these patients.
Materials and methods

Design
This was a clinical prospective, noncomparative, nonrandomised study
Group description, inclusion and exclusion criteria
Between November 2013 and March 2014, every patient aged ≥45 years who was admitted into the internal medicine ward of our tertiary care hospital (HFR Fribourg, Switzerland) and whose electronic medical record contained the diagnosis of COPD, chronic bronchitis and/or lung emphysema was eligible for inclusion. Elective admissions, as well as admissions from the emergency department and intensive care unit were taken into account. These were patients tagged as COPD. Likewise, every patient aged ≥45 years who presented at least one risk factor and one symptom of the following list was eligible for inclusion [16] : active or former history of tobacco use, passive exposure to tobacco smoke, occupational exposure to known risk factors (agriculture, inhaled chemical products, inhaled biological dusts), family history of COPD diagnosed at a young age; chronic cough, chronic sputum production, chronic dyspnoea, and frequent common colds. These were patients at risk for COPD. Exclusion criteria were: death before having been able to participate in the study, hospital stay duration ≤48 hours, spirometry of insufficient technical quality, medical contraindication to spirometry (adapted from [17] ), refusal to participate in the study, lack of discernment, refusal to perform a subsequent control spirometry if needed. A signed informed consent was necessary to consider the inclusion of each patient in this study. This study was approved by Fribourg's ethics committee for research (approval number 048/13-CER-FR).
Patients
During the inclusion phase, each patient who met all the required conditions for inclusion was evaluated for inclusion. The following working day after hospital admission a questionnaire checklist containing the risk factors and symptoms suggestive of COPD previously described was filled in. A first selection of patients was made to classify them as either patients tagged as COPD or patients at risk for COPD, according to the criteria used for their inclusion. Once clinically stable, defined as absence of haemodynamic instability, significant modification of respiratory parameters and fever for 48 consecutive hours, patients were once more evaluated to exclude the occurrence of new contraindications. In the absence of any exclusion criteria, spirometry was performed, and ankle-brachial index and, if needed, toe-brachial index as described below were determined.
Spirometry
An EasyOne
TM spirometer (NDD Medical Technologies) was used, and was calibrated before the study according to an official protocol of the company [18] . Spirometry included pre-and post-bronchodilation values (bronchodilator administered via a Vortex® spacer) and was performed according to the American Thoracic Society / European Respiratory Society (ATS/ERS) recommendations [19] . Measurements with grades A, B and C as determined by the internal software of the spirometer were considered reproducible and were included in the analysis. Measurements with grades D and F were not considered reliable and were excluded. Patients with a lung disease that required the regular administration of a long-acting bronchodilator (tiotropium bromide, indacaterol, salmeterol, formoterol) performed spirometry only after inhalation of these medications. In order to improve screening efficiency, patients who had spirometry testing within the 6 months before their hospital admission did not need new spirometry and the results of their last test were used instead. We also used spirometry testing made in our pneumology department for patients who had been tested there during their hospital stay. Patients who were newly diagnosed with COPD by spirometry performed during an acute illness that possibly interfered with the result (left heart failure, pneumonia, acute bronchitis) were reassessed with another spirometry test 6 weeks after discharge. This allowed exclusion of transient obstructive lung disease. All values obtained were extracted and interpreted according to the spirometry reference equations of Kuster et al. [20] . For patients tagged as COPD, their attending physician was contacted by telephone to determine whether their diagnosis had been made using spirometry. A copy of these tests was obtained when available.
Ankle-brachial index (ABI) and toe-brachial index (TBI)
Measurements of ABI were performed with a Doppler Nicolet TM Elite TM 100R probe according to a procedure previously described by one of the authors as following [21] : ABI left = ABI right = ABI = min(ABI left, ABI right ) ABI values between 0.9 and 1.3 were considered normal. ABI values <0.9 were considered a surrogate for PAD [22, 23] . An ABI >1.3 was considered a sign of incompressible blood vessels and was an indication to determine the toe-brachial index. This was measured with laser-Doppler in our angiology department using PeriFlux System 5000 (Perimed AB). A TBI value ≥0.6 was considered normal and a value <0.6 was considered abnormal [24] [25] [26] [27] . ABI, as well as TBI if needed, were measured in all patients except those who had already had a lower limb revascularisation procedure by percutaneous or surgical means. These patients were all considered to have PAD. We also used results of echo-Doppler obtained in our angiology department when performed during hospital stay as a proof of PAD.
Additional data
Demographic data, main and secondary diagnoses of hospital stay, past medical history and comorbid conditions, vital parameters at hospital discharge, medication list at hospital arrival and discharge were recorded from patients' electronic medical records (see appendix).
Definitions
COPD was defined as an obstructive lung disease (FEV1/ FVC ratio less than the lower limit of normal) that was not completely reversible after the administration of 200 micrograms of salbutamol or any other bronchodilator of equivalent potency. PAD was defined as an ABI value <0.9, a TBI value <0.6 or any known PAD diagnosis determined from the result of an echo-Doppler examination performed by a board certified angiologist. All patients who had had a lower limb revascularisation procedure were also considered to have from PAD.
Statistical analysis
Statistical analyses were made using JMP 12 (SAS Institute) software, from an Excel (Microsoft Office) database including data previously described. Quantitative variables were expressed as means ± standard deviation and compared between groups with student's ttest. Quantitative variables were expressed as percentages and absolute numbers, and compared between groups with the Fischer exact test. A nominal logistic regression examined the association between PAD and predictors, and is expressed as odds ratios (ORs) and 95% confidence intervals (95% CIs). A p-value <0.05 was considered statistically significant. Figure 1 summarises the evaluation and inclusion processes. We evaluated 888 patients the working day following their hospital admission, of whom 113 (13%) had in their medical record a history of COPD, chronic bronchitis or lung emphysema (patients tagged as COPD). We excluded 630 patients because they did not meet the inclusion criteria or presented one or several exclusion criteria. The 258 remaining patients were re-evaluated after 48 hours of clinical stability. Of these, 44 presented new exclusion criteria. A total of 214 patients were eventually tested, of whom 40 could not be included because of a spirometry examination of insufficient grade, discomfort while performing the test or refusal to repeat spirometry after 6 weeks if needed. Amongst the 174 remaining patients, 2 were eventually excluded because a TBI was needed to confirm PAD diagnosis but could not be performed. Finally, 172 patients were included, of whom 75 (44%) were tagged as COPD. During this evaluation process, 31 patients of the cohort (3.5%) could not be evaluated, essentially because of early hospital discharge, and appear as "missed". The definitive inclusion rate was 19.5% of all evaluated patients, and 66.5% of the patients tagged as COPD.
Results
Patients' selection
Prevalence of COPD: confirmation of diagnosis in patients tagged as COPD and screening of at-risk patients Table 1 shows the presence of COPD and its severity in all tested patients. According to our inclusion criteria, patients were classified as patients tagged as COPD or patients at risk for COPD. .001) and were significantly less often obese (p = 0.02). They were more often active or former smokers (p <0.01), had smoked more cigarettes (51.5±25.7 vs 42.4±29.5 pack-year; p = 0.05), more often had chronic sputum production (p <0.001) and chronic cough (p = 0.03) than patients without COPD. There was no significant difference between the two groups in prevalence of hypertension, dyslipidaemia and diabetes, nor in absolute values of blood pressure at hospital discharge. Significant but not clinically relevant differences were found for oxygen saturation and tympanic temperature at hospital discharge. PAD was found significantly more often in patients suffering from COPD (p <0.01) than in patients without COPD. There was no significant difference in the prevalence of ischaemic heart disease, heart failure and past history of stroke of transient ischaemic attack in the two groups, nor in the other comorbid diseases studied (table 3) . Table 4 shows the prevalence of PAD and the diagnostic technique used for the diagnosis. We found PAD in 57 (33%) of included patients. This diagnosis was already known in 22 patients of whom 7 had undergone a surgical/ percutaneous revascularisation procedure and were not fur- Table 2 : Diagnostic use of spirometry by attending physicians in patients tagged as chronic obstructive pulmonary disease (COPD). No COPD 30% (n = 6) ther checked. We confirmed PAD diagnosis in 14 (93%) of the 15 remaining patients. PAD was newly diagnosed in 36 patients, from the ABI in 27 patients, TBI in 8 patients and echo-Doppler in 1 patient. Overall, besides the 7 patients who already had a revascularisation procedure and did not undergo further investigation, and one patient who was diagnosed with an echoDoppler technique, 25 (15%) patients had ABI value >1.3 and needed TBI measurement to confirm or exclude PAD. Table 5 summarises demographic characteristics, smoking habits, cardiovascular risk factors, vital parameters at hospital discharge and significant comorbid conditions in patients with PAD or no PAD. There were no significant differences in age, sex and vital parameters at hospital discharge. Predictors of PAD in these selected patients tagged as COPD or at risk for COPD were a history of tobacco use (p = 0.02), number of pack-years (p <0.01), presence of diabetes (p = 0.04), heart failure (p <0.01), chronic kidney injury (p = 0.01) and confirmed COPD (p <0.01). Table 6 shows results of a nominal logistic regression of these predictors and their association with PAD, where the only significant factor was ≥40 pack-years (p <0.01).
PAD: prevalence and diagnostic technique
Spirometry use by attending physicians
Characteristics of the patients with confirmed PAD vs no PAD
Discussion
During the evaluation phase, we managed to include 19.5% of the 888 patients aged 45 years or more who were admitted into our internal medicine ward. Patients who had chronic respiratory symptoms were likely to participate to our study as evidenced by the low observed rate of refusal. Interestingly, when aware of their COPD, patients easily accepted screening or a check-up of this disease with spirometry. We also observed that spirometry of acceptable technical grade was feasible in more than 80% of tested patients, despite the multiple potential barriers to good performance of this test, such as advanced age and serious comorbid conditions. To improve specificity, we decided to use recent Swiss reference equations [20] and the lower limit of normal for the FEV1/FVC ratio to define COPD, as most of our patients were >65 years old and Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria are known to lack specificity in this age group [5, 6, 28] . Systematic screening of COPD in at-risk patients is effective (table 1) . The number needed to screen (NNS) is approximately six patients for one new diagnosis. Severity of newly diagnosed COPD tends to be mild to moderate. It seems therefore justified to propose screening spirometry to all patients who meet our inclusion criteria, when there is an opportunity. Even though this was a selected group of at-risk hospitalised patients, and NNS might be higher in an attending physician's office, we think that spirometry should be encouraged anyway, especially since it is rarely refused by patients presenting chronic respiratory symptoms, as previously discussed. This would increase detection of patients with mild disease who have a real therapeutic option. Amongst patients tagged as COPD, the diagnosis was confirmed in 87% of the cases (table 1) , and COPD tended to be more severe than with new diagnoses.
Spirometry was used by their attending physicians to support the diagnosis in 73% of cases, which is a better rate than reported in previous studies [29] [30] [31] , but there is still room for improvement. An incorrect diagnosis was found in 13% of cases, and was as high as 30% among patients diagnosed without spirometry (table 2) . On a large scale, this could affect a considerable number of patients. PAD was found in 33% of tested patients and was undiagnosed in more than half of them (table 4) . This prevalence is similar to that of other groups of high-risk patients [32] , and greater than in an unselected population in this age group [33, 34] . Furthermore, we found a significant association with confirmed COPD as compared with patients with a similar global risk profile but without COPD. The relative risk of suffering from PAD in patients with confirmed COPD was approximately 1.8 as compared with patients without COPD. However, in presence of an extremely high prevalence of tobacco use, which is significantly associated with both PAD and COPD and known to be a strong risk factor for both diseases [2, 35] , it appears that COPD is not an independent predictor of PAD, as revealed by logistic regression showing smoking ≥40 pack-years as the only statistically significant predictor of PAD (table 6 ). Alagiakrishnan and al. found a very similar prevalence of COPD-PAD association in a small study evaluating the prevalence of asymptomatic PAD in patients with tobacco-related COPD [36] . Surprisingly, HoubenWilke and al. reported a much smaller PAD prevalence of 8.8% in a recent large multicentre German study of COPD patients with high cardiovascular risk profile; this is even lower than the expected prevalence in an unselected population of the same age, but the authors made no comment about this fact [37] .
High prevalence of coronary artery disease, heart failure, and history of stroke or transient ischaemic attack was observed, as expected in these patients with high cardiovascular risk. However, no significant association of these diseases with COPD was found (table 3) . We propose that every smoker newly diagnosed with COPD be screened for PAD using ABI determination, which can be quickly and easily performed by any practitioner [21] . Furthermore, we know that PAD, whether symptomatic or not, represents a strong prospective cardiovascular marker, in particular for cardiac and cerebrovascular diseases [11] . In smokers, spirometry showing COPD constitutes a powerful test to detect higher cardiovascular risk. This seems to confirm the hypothesis that reduction in FEV1 could be used as a marker for cardiovascular risk, especially for lower-limb peripheral arterial disease [38] [39] [40] . Our study was mainly performed during winter months, when there is an epidemic peak of upper and lower respiratory tract infections that typically induce an increase in acute exacerbations of chronic lung diseases. The number of hospital admissions of patients suffering from COPD was particularly high and probably does not reflect accurately the annual average. Besides, it is likely that a selection bias exists, leading to an overrepresentation of patients suffering from severe chronic lung diseases, and therefore a greater probability of true COPD. Finally, the limited number of patients available for analysis limits the identification of statistically significant subtle differences between groups. Notably, the implication of non-tobacco-related expositional risk factors for COPD were masked by the fact that most of the patients in this study were current or former smokers.
Conclusion
This study shows a 9% prevalence of confirmed COPD and a 13% prevalence of patients tagged as COPD amongst the 888 patients evaluated for inclusion. Knowing that COPD diagnoses are most of the time accurate and that there is a significant number of patients suffering from COPD who are not yet diagnosed, it is reasonable to assume that the real prevalence of COPD in patients aged ≥45 years admitted in the internal medicine ward of our tertiary care hospital lies between 10% and 15%, which is the expected prevalence in this category of age [2] . Our study confirms that there is an important underdiagnosis of COPD in patients presenting typical symptoms and risk factors for this disease, with a NNS of only six patients for a new diagnosis in this selected population of hospitalised patients. Although this proportion would probably be lower in a general practitioner's office because of the limitations discussed above, we encourage them to perform spirometry in selected patients with risk factors for COPD, as it is an effective and easy-to-use tool that is rarely refused by patients, as observed in this study. Furthermore, in smokers tagged as COPD or at risk for COPD, spirometry not only allows confirmation of the diagnosis of obstructive lung disease, but also seems to be a useful tool to detect patients at higher cardiovascular risk, especially those suffering from PAD as shown by the significant association found with COPD. Moreover, PAD is often undiagnosed in these patients. Thus, we suggest that active screening for PAD by determining ABI should be proposed to every smoker with confirmed COPD.
